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&&<Dmmvx±<Dmm cmos mmmmz o ^ t ©f^sMgfEoiRi^iatcs 

s*»*f *<z> gatac m o s mmm® iz o vn t ommmfemcD^-mmfr * mmw.m 

s mmm& z & a t? & z> t w& t z xm t 

CMOSMl@IS&©IWJ^m 
C»#^l 8] 

% & ^ Si S T* & £ £ JRI 5£ f £ X g & $ h I c ^ f 3 

[^<z>#iffl&t&BJ!] 
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CMOS (Complementary Metal Oxide Semiconductor ) ^|ft[IJg& 
[0 0 0 2] 

nm¥ 8-271584 nm^- 9-211088 u s p 5 3 

92293, USP5519333, £ J: £>\ US P 5 8 8 9 4 0 8ICH CM 
O S^X0!&tf)#lh , Slig* , B^ (I nm : Quiescent power supply current) £Jg 
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i DDQ t*ifci±, cmo smm®$&<DB±mmmffizmfeL. mjmicso^t 

MOSliiJIS:, St^Jft^- (DUT : Device Under Test ) fcfcV^. 
[0 0 0 3] 

t§L±«^m$fc i DDQ it. &F a T*&ffiftzmnmmxn&mtimffi,£fci$iEi?;m 
i DDQ iEi%mftmffi£XMm%L}ic>&nT*m-tz.£tfT*gz>o 

JElgMfoMtftlt. MOSFET (Metal Oxide Semiconductor Field Effect T 
ransistor ) ©#3t**&|8£-f sptlfcife ( F E TzB*l«$f5) Ejggfrtfnci: 

[0 0 0 4]. 

cmo s$kmm&(D0±nmmm$:w%.^. wfemtfhg^<m&>±a>m&iz^ 

Moat. LTWife'i' £>ffi.$t<D I DD q T.W. Williams, R.H.Dennard, and R.Ka 

pur."Iddq Test: Sensitivity Analysis of Scaling, ".In Int. Test Conf.,pp.7 
86-792. IEEE, 1996. JC=fc3E«#feS «fc 3 IC, m.tefc$0Ji#H*ifc*-£#fc S . 
#IxJ£, CMO sm«tia»©BB»A*-->*««ltjj!H^*^JC, MftiCffotM 

osFET©ititn (FET»*i*«s) mmmmwizmu-t&frbr'&z. 

i DDQ «jK^<oFET»nmsKS:«e)-ra>*(z>^is*«ii3gS4x'rv> - 

[0 0 0 5] 

i DDQ m^^f^f e Tmnmwtzmb-ti&ffijjmt. itn hn-^tmcF 

[0 0 0 6] 
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". In Int. Test Conf. , pp. 174-183. IEEE, 1998. IZ£Z>£, *fflHftBEV D £Tlf 
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^x;i/ • yW 7:*&tt> A. Keshavarzi , K.Roy, and C.F.Hawkins. "Intrinsic Le 
akage in Low Power Deep Submicron CMOS ICs,".In Int. Test Conf ., pp. 146-1 
55. IEEE, 1997. ICfBIRStl't 

£0><£a*#8r7?fcJ:, /t>f T^*JEES:SraD , rSiBi»S:jiin'rSfc«>, CMOS* 

A. Keshavarzi , C.F.Hawkins, K.Roy, and V.De. "Effectiveness of Revers 
e Body Bias for Low Power CMOS Circuits," . In 8th NASA Symposium on VLSI 
Design,pp.2.3.1-2.3.9,0ct.l999lCJ:4Xti, M$S>f- b S L ef f 0 . 1 8/tm 

1 /2>fgT*&£o 
[0 0 0 9] 
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0T, -TJV* (Delta ) J: «8J U- h (Current Ratio ) 
[0010] 

A. C.Miller. "Delta I DDQ Testing," . In USP5889408, March 1999 

tcte«£#iTv^ 0 »<z>^T?tt, i DDQ <Dm'bm&&-&mj;M£<Dmz±mm 

[0011] 

mmis- hmz. nr$2 000-17152 9^^m^mm^nx\^ a z<d 
#&t*«, i DDQ <Dm'^m£m*m£<DR*-fe£Lx±mm*mvT&MLr 

[0 0 12] 

i:35T% CMOSllllIi!|©iiltill *>f v^>^©ift«m«8i:»ih 
#G>»±n&ilHZ&V}&Z.£&'V&. I DDQ ««7?tt#ihl^©#Jh*a8S:W)eL/ 

fl!3fc© i DM i DDQ ^fetwsp©»4t;*8K (FETl^tS) T* 

[0013] 

J: >©*8t©^v ^"SrH-^y ^JC^StLTlg^S i 

^tf>£#), CMO S jft^[Eri&£, ^r»;^, -ffi/XVy. A^fflr^tCfcS 

«m (0BMi*i*as) sr^-r-sms&^^ic i DDQ «jb«:*t3<bsi#£&tv*<&. 
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h/bj^i x*<Dm±mmmffi.<DWfemi Qyi £^1-312 <z>^* v^m^m 

[0 0 15] 

#^0J!fcG&3 cmo sm«EIi&tf)3g l ©^.SW^^iSli, Mfa^ l 
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StSIItt B&IB^lJ3i;t>*ll2©BrjfBCMOSmaimS5&X > Y CDguSaSH^'fit 
X Qxi • I Qyi ®^ ^ 1 DQxi' 1 DQyP ■^S^V^TE»^«f SrffV^ 

L RA 2 fr-D, ffjfBH 1 35 J: #81 2 ©ftffaCMO SIi»i»Y, X 

COtrffBMSffi I Qyi , I Qxi ffl^flqy, Iqx^i:bIqy/IqxttfffaM^S A 

£<z>^M (S A -iqy/lqx) #MMeHrtT?»s®-&tc, WSSiifiSt 

[0 0 17] 

ae-rsxea:, t&iaiii©ffigacMos*aias&x©BfifaM^iQ Xi ©mmi 
, mmmz&mmcMo s*ani]^Y(Z)tfffaM^ffii Qyi ©«^r DQyi 
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umi&&&m2<Dmmn (R Qxi , R Qyi ) Km^^xmm^m^n^. ^ 
pml rb 2 trfM^s B tmomm (s B -n 
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SE-rsx®}*, trjfa^i ^sj;t>*ii2(DBrfgacMo snatui&x, y&^to 
cmo s&stia»x, Yic^-rs^n^ h^M-r-s*-^^, ^t^-s^w 

[0 0 19] 

mosiwx, Yjc*fjs-r*^"n y h^fi:*-rs*^ic, wasting 

[0 0 2 0] 

*^c^5cmo s*feftiaafrcDjg2<z>&sw£#S£tt, &®©MJ6<±©t& 
-if*. mzmfemi Li ommi dLi = i Li — 1 1 ^mm^mmii xmnht=.m 

1 <Z)«[K Li = I DLi / I, ^gajU Kffa»l©«IRK Li S:tJrlB8S[«JK±©l& 
IBCmo sftfltiaB|T?^ffcLfe»2©««:K Ni S:JS:ffi"r«xSi:, 8*JK>(**a> 
MfBCMO sm^HI{^{coVNT#ih*^«^©M^^t I Qi fc^£>^:f£Mfi Iq hf: 

»^V^T«Ml DQi =I Qi -Iq felffitSXlt, BlffBll2©^lKK Ni fcBtfgE 
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LtcW. (S c /Iq ) £ l i:©t£^ (S c /Iq - l) ^§«Blrtif*5»^ 
[0 0 2 1] 

MfBM^S c &Bfcf!CU*Mg (S c /Iq) £. 1 £<Z>MM (S c / Iq - 1) 
[0 0 2 2] 

#21! BJ!fC £65 CM O smSlia»©^3 ©KS^Jt^iStt, &S©««JSU:<Z>t& 
I Li ffl®iI DLi &-e©*HP<BMa L T'iilfe^l ©«qHBR Li = I DLi /a 

%bti2(Dgii[R lii &iait5ii^ MMt©iifBCMo smmmrn 
f©s$iia Q T*mw.Lt~m3 <z>mmmR Qi = i DQi /a Q fcum-rsx^ 

, fafB3fl2 33 e fctffS3(D«M« (R Ni , R Qi ) JCi£t5 v>TISI»^«f fc£ 
^UCr D 2 feJ:tfia»ia«8<Z)«§S D fcUffit-eXgi:, fyfB&^gfc r D 2 # 
TML RD 2 «fc fro, #frfBM£S D tl^O^JI (S D -1) frf* 

»«5HWCfe«»-&C i&iBfaiWMfe0>tifiECMO S£l«[II5&£m I ST*&5 

[0 0 2 3] 

##§0^tc#§cMossaiiis&<z)iS3(Z)KM^^?sii, tirsaftjt 
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i Li <z>ffifMi DLi **<D&mmmo L t«L^i©s$iR Li =i DLi / a 

L &J*fflU ltflB^l©*WR Li &ffflB«fi«±©ltf3BCMOSJfe«iattT?¥ 
^-ffcUfcf|2©*JiHiR Ni S:|![ffi'rsxSi:, ffifBM/gffi I Li tf>^M I DLi 

(Dti&ttM I I DLi -R Ni Xa L | ©±PSfE MAX &mttm<DM 

©WIia Q ^BfffHH2(Z)^m«R Ni i:<Z)^B J fiiR Ni x a Q &«2¥Lfcte©ttl 
*H» I I DQi -R Ni Xa Q | i>\ t&ffi±RfiE MAX ^^Srttffl-r* 
lit, f&IH*fi*Mil I DQi -R Ni Xa Q | *«l5IB±ISffiE MAX *»^*>*«^ 
tC, t&3H1iMfc^#0>tSrfBCMO Sl«$:SSt'$5 il^tSlSt^f t 

[0 0 2 5] 

mi i DQi -R Ni xa Q \ tfmm±mmE MX KmT'te^m&iz, mm^MM 

[0 0 2 6] 

CMOS^allIS|{cov^T(^)#ILS^«^Sfs(Z)M^'^itI Qi ^¥^«Iq fr"^ 

miMi Qi <o^m^Mc7 Q tttrtaM^ d/a R ) t<Dmnno Q /a R 

Ifef (Iq-a Q /a 8 ) tf, ±PSfiL SE *It$)Si^J:, fufEi$ig&*f«itf> 
ffffBCMO SJfcKElB?: Jt&Tf&S tlJStSlSi: *m?2> 0 
[0 0 2 7] 
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*mmcm& cmo s mmm® am s <D&&mfeiimte. &m\zi±* mmmm 

Lfei(Iq-a Q /c R ) *«t&ffi±l»ffiL SE JK±-efe-S«^tC, «ffiH^*f^ 
[0 0 2 8] 

, I L2 ^^ (I L1~ I L2 ) ^ ^^SS^IlI' I L2 <D5 ' 2 ^ I l ^BfclU'fcS 
W Q2 = (I L1 -I L2 ) / I i 5:ia}f^Xlt, 3*«*f«t©t&fHCMOS 

i Q1 , i Q2 ©M ( : qi- i q2 ) ^MM^Mi Q1 , i Q2 ©¥.*NSiq t^IL 

fcj£$mvr Q12 = (i Q i-i Q2 ) ^iffitsiii:, mmmmmw L12 t 
mmtmmw Q12 ncomm (w Q12 -w L12 ) -^mmmmmx$>^m^^ mm 
nmrnmo) mm c m o s mmmrn & & s t: -r s t z m -t & . 

[0 0 2 9] 

(W Q12 -W L12 ) #t&IBff : §*gHl*T?fcV*»-&tC, ISiSE«»*f«t©t&IBCMO 
[0 0 3 0] 

fHCMO S m^HIS&lC^ V^T©#it*M*^©ll^it I Li iC«o ^-©M^ I 
DLi =I Li _I l fc«fc*W&teIi *ait^n»; h ^^"TSffc^BISr^L, 

^ElBMc^ v^©f&3E«!IJite I Qi ©¥*Hi6 I q ^e>IBfl3lS»tcS^v\T^MS 
*i3^Mf^J DQi l&3E«»^*©|JfaSCMOS^«ia»JC 
o^T^f&itmsm^oMJiteiQiCDflSMiijQi =i Qi -iq fcf&iH^SsHH^ J 

DQi £(DM$k d DQi -J DQi ) ^^ftHrtT?***^^, mmm,!$kttM<Dm 

[0 0 3 1 ] 

#3§ej!ic^£CMo sMmmftami a>&&ms£jimiz, ts-mvm.* mmmm 
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(I DQi ~ J DQi } ^nm^mm\HX^^m^iZ. f&fBi^^^f-rSBCMO 

s m m m s& & ^ & a x*& s t ng. •? & x m z 2 «b ic ^ -r § . 

[0 0 3 2] 

[0 0 3 3] 
^CMOSHIH 

) ©FETICH AJSa^tt^fifcas'tClfctf&S. dtt^©«tl 

[0 0 3 4] 

:/,&) #CEI^ll*lf^#^'fbl/£:U> D I B L (Drain Induced Barrier Lowe 
ring) SJ;l]!/ttttGIDL (Gate Induced Drain Leakage) iCi-oTFET 

ZLGDj&JdOWT&i, M.C. Johnson, D.Somasekhar, and K. Roy. "Models and Algor 
ithms for Bounds on Leakage in CMOS Circui ts," . IEEE Tran.CAD IC Sys. ,Vol 
.18,No.6,pp.714-725,Jun.l999£##lCf £3 
[0 0 3 5] 

fclg'L, 3 (DmfemWUt F E T»*lSSfeJs*#0ma&&'£A/'T? % J: ^ d 
[0 0 3 6] 

h;w& («fj£j&) &c£/y y;i,#-if £tf u ^^^^ h;i/^^^^/<^ 



1 5 



2001-3078007 



m 

#2000—302780 

0i~Ei3te, ^cMo smmm&cDm-z^v hjimmtfi®ux*$>2>m& 

<DKZ hJl&omm*: 2 0f@h.LTV^ o 
[0 0 3 7] 

01(1 2I0CMO S^amj^Die-A , Die-B &C£V^, #ih«M« 

[0 0 3 8] 

m3it. mi ^©Die-B h jimm* m^mzwk±^\ mx^fr^z b;v 
mmtDie-k ok? bjimmt nnn.%xt~W}&<DmmT*%> i >). k? b)vmmm± 
^*^L/T-ifi:LTv^^ 0 rcDi-ptc mi ~® 3 izB-?&5h<D cm o smaia 

i&Die-A , Die-B (DK>7 h;i/^li^bT £ fc, r ©^dW^^fM L 

t sa© c m o s m«tas& zm%MmT*2b z> „ 

[0 0 3 9] 

^ n B n ©cMosiinis&ri(Z)^^ b ;vm.m<Dmum^^^ML, ^©cmo 
„ (i) tp<DR i izstmmmT'&Zo 

[0 0 4 0] 

[f£ 1 ] 

I Li = R i XI P +I AL - <D 
[0 0 4 1 ] 

(i) (cisvNT, ip, i AL £. iE^«n«^i Li ©¥^'fiii j £©Wic 
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[0 0 4 2] 

HK2] 

Ij =IP +I AL - (2) 
[0 0 4 3] 

i SD fc©-^tf-K:j:»;, flcss (3) -e^stis. 

[0 0 4 4] 

[»3] 

: Qi = I Li + X RDi + 1 SD "' (3) 
[0 0 4 5] 

[0 0 4 6] 

I£©CMO Sjfe«lia»tCfeW*±/<^ i (i = l~n) T'OIE^MJl 

«SK I Li fc I ! fr£>, ffi»Ml DLi tt#C53& (4) T*^$tl€.c ^ 
n;i/«in&|[ia±i:U-|^ = (I L1 + I L2 +- + I Ln 

) /nT'&So 

[0 0 4 7] 
[«4] ' 

Z DLi = 1 Li~ 1 1 "• < 4 > 
[0 0 4 8] 
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±3% (4) (c*fu ±^ (i) (DiEnmnnmi Li t±^: (2) ^mmi x 

£*ttA-?z>z.t:x*. (5) tfm*>tiz> a 

[0 0 4 9] 

[»5] 

I DLi = (Ri Xlp +I AL ) - (Ip +I AL ) 
= (Rj - 1 ) X Ip - (5) 
[0 0 5 0] 

2i<DlD° 0 fflCMOSIMX, yjc^v>t, h;w&-p0>iBM©Jfctt 
, (6) T'^^tlSo 

tt, cmos t ^ - ^ i pxfi i t>'f f i DLxi i: b t U , CM 
O S&Sum&YTtt^;*-* I pyfe<fctKM^I DLyi i: ttV^o 
[0 0 5 1] 

[«6] 

1 DLyi X 1 DLxi = < ( R i ~ 1 > x 1 P*> ^ < < R i - 1 > x 1 P x > 
= I py/ I px ••• ( 6 ) 

[0 0 5 2] 

3©J:e>{C, CMO SjftflilSj&X, Y#&&T&*»-&«:, fif^tf)itte. 

-e^T% MUcDirb (I D Lyi /I DLxi ) =S A ^&<° 
[0053]. 

i» (ia»ia«i) ±tcafetf, Mtf)M£&s A h&s„ 

2M©CMOSH5»HI»©ffiMS:a%"rSSb^»t (ffiWflMR, residual square 
) r 2 (7) Sg2l©CMO SM0S&AMtfe5^ 

tt, r 2 ©ffifcfc 1 1 T*&£ 0 
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[0 0 5 4] 



[»7] 



r 2 = 1 



z < y. - y Hi >' 

i = 1 



z < Yi - y A >' 

i = 1 



... (7) 



[0 0 5 5] 

fcfc, _t5£ (7) (CfeVNT, yj li^^ h;i/,^ i T'(DCMO sm^tSS&Y©# 

ihmaR«sK<z>M^<fe*>y, y A izmmmvi (=i Qy i ) y 

Hi tt, T©CMO S^»[ia»X©#ih««««£oa!I)£ffiXi (=1 

Qxi ) ^&im«lii[«lS:MVNT86I^fiy i ^flbfeflf (predicted value ) 
d*UC*fU Hiecbail^liy i (actual value) 

[0 0 5 6] 

Jlflsiftfcte, C.MOS^«tl@f»Y©#it«S«ifeOSJ3effiy i yj = c + 
S A • xj ^M#y Hi ii, ta!fi^y Hi = c + S A • xj T-^ 

asf. ^rT% _h5$ (7).lciotftgfli»r 2 &#ffiU i©^««r 2 & 

fcfc, E®#*r (regression analysis ) r^^SKM 
2 1 m*B©«^ 1 4 : »ff j , 3 6-3 71, 1 9 9 7 fc^lC^S 

[0 0 5 7] 

KsocMp sm«nai&^tt, ±& (i) , (2) tc^x 1 AI = ot*&s* 
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<&U, 210CMO SSataS&Y, X©#ih«ag«i8a>¥*&telqy, Iqx©Jt 
(iqy/iqx) i«»£»©«gs A fc-£fcL&<&£ 0 

[0 0 5 8] 

f3T% 2lfflCMOSlWX, YtCoVNT, &5t^Ifcr 2 ^fftSgS 
EG»0>4S£S A i:©^ (S A - Iqy/iqx) A«f i!>ag3nfe«S!Wlf*6i:© 

[0 0 5 9] 

&&jggq- 2 

±k (1) ©iE««4x*«l Li ©*flHB^a L tt, itM&BRi fflTOia 
R &MV*T#C5$ (8) -e^atis. 

[0 0 6 0] 

[»8] 

a L = a R X Ip — (8) 

[0 0 6 1] 

#C5*5 (9) T?*3ti-5. 
[0 0 6 2] 

[»9] 

R Li= ^ 1 Li" 1 1 > /°L (9) 
[0 0 6 3] 

±& (9) tt, 5$ (4) , (5) SrflJ^T, (10) <D&5KWL : !&-t&Z. 

[0 0 6 4] 
[»1 0] 

R Li = 1 DLi /a L 
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= (Rj -1) XIp/a L -(10) 
[0 0 6 5] 

_L5£ (10) li, a£ (8) &fflVMT, (11) (D^olZ^mm-tZZttfT* 

[0 0 6 6] 

R Li = (R i ~ 1} X Ip / (a R X Ip > 
= (Rj - 1 ) /a R - ( 1 1 ) 

[0 0 6 7] 

±5$ (1 1) #m>>, «S(t^eR Li », iESStimSfglLilCct ^•TiClsIC'fii^il^ 
. 2IOCMOSMEISIX, Y*^ D ° n T'feSi^ h;i/j&"eCD 

«i!Mt<z>jfc&:£«>5i:, (12) © £ e> jcffitf 1 tc&3„ (12 

) fCfcV^, CMO Sftaiai^XcDiESStl«^©SM$:R Lxi . tb, CMO 
S^HFS»Y(DiE«S*l*«B(D«l{HiS:R Lyi fcl/TV^*. 

[0 0 6 8] 
[»12] 

R Lyi /R Lxi = < < R i -D /°R > /.( ( R i -D /"r > 
= 1 - (1 2) 

[0 0 6 9] 

[0 0 7 0] 
[»13] ' 

R Qi= ^Qi" 1 * > /°Q - 3 > 
[0 0 7 1] 

±& (13) JCfcfU 5£ (3) feM^SifcT?, (14) ##£>*i£„ & 

fc, ^W5«^I RDi <Z>¥*&te& I rd t LTV>*. 
[0 0 7 2] 
[« 1 4 ] . 
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R Qi = < ^Li^RDi +I SD } " < J 1 + I rd + I SD> > /ct Q 

= ^ 1 Li~ 1 1 +I RDi "ltd) - < 14 > 

[0 0 7 3] 

TfiSfcCtScifctfT?^ rtf>£teucj: U_ti$ (14) (15) Ic^fS 

[0 0 7 4] 
[^1 5] 

R Qi = ^ 1 Li~ 1 1 > / CT L + ^RDi -^d) /^L 

= R Li + < Z RDi - X rd) - (1 5) 

[0 0 7 5] 

[0 0 7 6] 

JUfclftlCte, 2ifflCMOSHHIS&X, Y©#ih«^*^CDW^Ml Qxi , 
I Qyi frfc, ¥*HtIqx, IqyfcJ:t5*Si*HB^a Qx , a Qy &»fflU *3HBR Qx 

i ' R Qyi fciSffl'***. f bt, mmm (Rq x1 , R Qyi ) <Dmm^m^n^\ 

SW£f&«r B 2 #^&t^3;ft£TPML RB 2 J: y v^ £ e> HI 

mmmoMZ s B £1£©M (S B -l) #^fc®j£3*ifc#**BHrtT?a>*fc 

[0 0 7 7] 

^agga- 3 

s£ (2) £Mv^3£T% 55 (8) £7£3; (l 6) Icggjg-rs^iitfTfg*. 

[0 0 7 8] 
[mi 6] 

a L =*R X ^1 "Ia^ - (1 6) 
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[0 0 7 9] 

±s; (l 6) zmm-tzztv. (i 7) *^e>ti«„ 

[0 0 8 0] 
[»17] 

X l = I AL +C7 L /a R - (1 7) 
[0 0 8 1] 

mo smmmmz. &&z.Lxmm'f&zt.ifini*&. 

[0 0 8 2] 

H5li, *3f-V>-?* N £A 0 *L£jf$8 0 OlfflCMO S ^fe^HIS&iC O VnT, 



7 + 0. 5Xa Q aigffi (f/^tliiH) ±*fctt*©aS#lCfl:«LT^ 
, xfft<Z)^ny Mi, i DDQ ^$:/Ub«;^ofe^S n D n fflCMOSll 

[0 0 8 3] 

$E (l/a R ) ^(D^glT.li, 8ttt#l/a R MEM 

[0 0 8 4] 

&fiSBB!l-4 

iE«»ti««gi Li ©iSISi DLi &aVT5£ (5) te, ^ (2) ( 
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1 8) K.&J&-t&Z.£ifi'T*&&. 

[0 0 8 5] 
[»18] 

J DLi " (R i -1) X dl -I A L> 

= ( R j -1) XI, + ( 1 - R j ) XI AL - (18) 

[0 0 8 6] 
[0 0 8 7] 

^c«5*^i RDi £^frf£it«M«^<DM£m Qi ©MMi DQi li, 5$ (3) , 

(1 8) fcfflV^T, #C5£ (1 9) "«£*l£o 

[0 0 8 8] 
[«19] 

1 DQi = 1 Qi _ 1 q 

= ^Li +I RDi +I SlP ~ (I 1 + I rd. + I SD> 
= 1 DLi + 1 RDi ~~ 1 rd 

= (Ri -1) Xlj + (1-Rj ) Xl AL +I RDi - I rd -..(19) • 
[0 0 8 9] 

_t5£ (1 9) tC*fU I j = Iq - I rd - I SD $:f^A-r§^, (2 0) # 

[0 0 9 0] 
[»2 0] 

J DQi = < R i -D X - I rd- I SD ) + (1_R i } Xl AL~ I rd 

+ 1 RDi 

= (R t -1) Xlq + ( 1 - R j ) X ( I AL + I SD ) ~ R i XI rd 
+ I RDi - (2 0) 
[0 0 9 1 ] 

±5£ (2 0) £5£ (18) £:0>jiv^&, MifflCMO sm^tas&tco 

2 4 ffJSE#2 0 0.1 - 3 0 7 8 0 0 7 
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, mfemi Qi tfXMmm*<$;tim&i$. ±& (is) tc^is-rsaai oi&m 

[0 0 9 2] 

^ffiiq fcffigi DQi = i q j — i q h©^S:M^-rs«ii»«r*«i:^Bfe*>*. 

ssccmo smmmmizMi^-t^ zfu y>©#< i DQi =o. 75-0. 
9 6xi q ojgftfig -(-rj&fc^assiaiiR) ±*fett*©jfi#ictfc«b-cv^ 0 

fcfc, XfrJO^D y Kte. I DDQ Mi^Ul^^ofcWfflCMOSii 
mmzMm\^T^Z> a +W<Dzfay bit. I DDQ Mi5:^Ul^S©CMOS 

[0 0 9 3] 

Li 5:ISU R Li ?: SIliO CM O S it®SSt'¥^I{t I T 1$ t ^ 5 

nnmi^^mmj Li it. (21) tn5rii^§§ o 

[0 0 9 4] 
[»2 1] 

J Li = R Ni Xa L +I 1 (2 x > 

[0 0 9 5] 

2 2) T?^£ft& 0 
[0 0 9 6] 
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[»2 2] 

E i = 1 Li - J Li 

= I Li~ 1 1 - R Ni X *L - < 22 > 
[0 0 9 7] 

[0 0 9 8] 
[0 0 9 9] 

&5*!I5£- 1 ( I R D f$gft) 

Wt©CMOSlM{:*fb, S (22) fC^O*£, #Cj£ (2 3) <D#t 

giiP Di §#i5. r©^: (2 3) t*&, suh^cdcmo sm«nis&©#ifc 

[0 10 0] 
[«2 3] 

P Di= I Qi~ 1 ^ " R Ni Xa Q - (23) 
[0101] 

«I)tffiI Qi ©¥^ffiIq tt, (3) SrfflV^T. (2 4) -«£*l£o 

[0 10 2] 
[»2 4] 

+I rd +I SD - (24) 
[0103] 
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5£ (2 3) {C*fU & (2 4) , (3), (2 2) SratM-rSiiiT?, ^ ( 
2 5) ^53i:^T^5 0 

[0 10 4] 
[12 5] 

P Di= (I Li +I RDi +I SD ) ~ (I 1 + I rd+ I SD> " R Ni Xa Q 

^ I Li _I l _R Ni Xa L +I RDi ~ 1 rd 

= E i +I RDi - 1 rd - < 2 5 > 
[0 10 5] 

(25) fcjsv^T, mmmma Q xMmmi m ^cJ:*3Cffc* ? /^sv^ 

SaTf«, *»«86l RDi *«0 ££te||fClftJCOT'&Stf)T% ISfl^^ffli 
, ?&5£ (2 6) Tf^-Tiil^Tfg*. 
[0 10 6] 
[«2 6] 

~ E MAX <P Di <E MAX (2 6) 

[0 10 7] 

*&&<DXvtot&mi m ^mm&Ei = e max t*&s«-£hc (25 

) £«^t&5$ (2 7) -e^sti, 3©^; (2 7) vmznzmZB&iz-t&z. 

[0 10 8] 
[»2 7] 

^Di =P Di- E MAX +I rd *" < 2 7 > 
[0109] 

k^w^- 2 ( i S D nm 

cmo smmm$&(D&±mmmm<DW%.mi Qi iz&^T. XMmmi m 

V*»-&Wu 55 (3) frbW&i&lQiitfc*, (2 8) T*gt£*l£„ 
[0 110] 
[$C2 8] 

I Qi =I Li +I SD - (2 8) 
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. [0 111] 

^l^tf)T% j£ (8) rt=7*-9 IP tt&a; (2 9) T^^tlSo 

[0 112] 
[12 9] 

- IP = o Q /a R - (2 9) 

[0113] 

±55 (2 8) ©aff3£4tI Qi ©¥*&*Iq tt. 55 (2) fcJgVNT, (3 0) 

[0114] 
[»3 0] 

- 1 * = 1 1 + 1 SD 

= I P +I AL +I SD "• < 30 > 
[0 115] 

(30) , (29) icj:»j, m%.miQ i z>w.ffi&,$-<D&nm a AL +i SD 

) It. (3 1) T'^^tlSo 

[0 116] 
[»3 1] 

1 AL + 1 SD= 1 q - 1 p 

= I q - a Q / a R —(31) 

[0 117] 

S (32) IC^fi:?^ ^#Hjt (I AL +I SD ) ^fliMEj ©S^iE^ 
5fcTi§T'& 3 Z. h & htS ' t^t'tS. 

[0 118] 
[»3 2] 

E MAX > Iq "°Q •" < 3 2 ) 

[0119] 

2 8 ffill#2 0 0 1 - 3 0 7 8 0 0 7 
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5£ (33) ±isffiL SE ««a ! iF^iBHtc^uTv^*. 

[0 12 0] 
C«3 3] 

L SE > Iq_a Q / ' a R -(33) 
[0121] 

&^mfe- 3 

i Li ©«Htc^/Si-s«»K Li = ( i Li - I ! ) /i t fc^fcirfflu «:K Li 

i (= i Qi - iq ) tzmm^Zo. 

[0122] 

c / iq ill £tf>M (S c / iq - l) #^fcK£$ftfc3iF&*BHi**e&.6fcv* 
[0123] 

I Li t*©^i&«I , fc«!pffiMa L iUCSt5v\T«2(HiiR Li = ( I Li ~ I x ) 
/a L Sr^a&JSfflU g$f R Li ^3iIi(Z)CMOSl«iIg|t^{l:btS 

i (= i Qi - iq ) tmmmmo Q tmmmR Qi = i DQi /a Q fcumirs. 

[0124] 
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^lx. mmm (R Ni , R Qi ) <Dmmftffizfi\>\ &fe&mr d 2 tmmm.m 

ei$<z>#C£s D tmvrn (s D -i) tf^&mfeztifrwtmffimrtx'&zi:^ 
v&fttzmfe-tm&i^ 3t2i©cMo sgkmm&Z'*? hjimm^^ir 
sii^u wtocMo s mmmsz t b xmm-t s zt.tfxzz> a 

[0 12 5] 
R^Wfe- 5 (2^g£&) 

CMO S^aiU!^© I DDQ f*IfcT*tt, Sta©"** 0%~ 

^8O%0^Mt^3i:^i, z.(Dtc®>. ij& iroj££ 

JKTTtt, 2{@<Z>^* h;bj&T?<0M5ttetCS-3£, CMO S £BtlII»& 
.[0126] 

fiftfflCMO Sm«iag&(Ci3VNT, l^St©l€fflI L1 i:2^@T'©lgi 

i L2 i:©M c i L1 — i L2 ) xmMLfcmmmw L12 it. (3 4 

[0 12 7] 
[»3 4] 

W L12 = ^ I L1- I L2> / II - (3 4) 
[0 12 8] 

(3 4)ii,S(D, (2) £/g^T, #cj£ (3 5) <D&-5\zwm-tZ> 

[0129] 
[ft 3 5] 

W L12 = < < R 1 X ^P +I AL> " < R 2 XI P + I AL> > / (I P + 1 AL> 
= (R x -R 2 ) X I P / (Ip + I AL ) - (3 5) 

[0 13 0] 



3 0 
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±5* (3 5) KfcVNT, I AL #0£fcte^jRWlC0 #C5£ (3 6) 

[0131] 
[W3 6] 

W L12 =R 1- R 2 -(3 6) 
[0 13 2] 

©T*, ^>fiiW L12 It&ffaO) CMO SMmmm&WfeM I LV I L2 ^^Bat)oT 
[0133] 

cmo sMmmm(DWt±mmm%i<DWfem i Qi ««^i««ass:^tf«^ i j&b 
t*(z>M5Mi q1 £ 2j^sT?©?w^ffli Q2 fc©M (i Q1 -i Q2 ) ^^iiq t?bn 

IbfeMiw Q12 tt, (3 7) -e^stis. 

[0134] 
[«3 7] 

W Q12 = ( I Q1- I Q 2 ) - < 3 7 > 

[0 13 5] 

±& (3 7) ^ (3) &flJV*T, (3 8) © j^fca^g-rs 

[0136], 
CBC3 8] 

W Q12 " < ^Ll+^Dl +I SD> - < I L2 +I RD2 + 1 SD> } /Iq 

= ( I L1- I L2 +I RD1 - r RD2 > /Iq ( 3 8 > 

[0 13 7] 

S (24) leaser, i rd #o*fcW:^K«ricc> "fe i RD1 

= I RD2 =0T'$)5i^ ¥*HtIq = I J + I SJ) £.t£V. Z<D¥-i%mi<i 
£±5£ (3 8) iZftA?Z>Z£T% ^ (3 9) tffi&tiS. 
[0 13 8] 
139] . 
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W Q12 = (I L1- I L2 ) / < J 1 + I SD> - < 3 9 > 
[0139] 

-L5S5 (3 9) (3 4) i:^?,, (4 0) ^#&n5. 

[0 14 0] 
[ft 4 0] 

W Q12< W L12 -(40) 
[0141] 

s (24) jcfcv^t, i SD *«o*fett^Kfi<rtco-e.fesi&^, TOffil 
q = I j +1 rd £&£ 0 $ "bic, I rd << I j -v&&£%\*. I q I J 
, £©¥*NIIq 0>j£«:JBV*T, _t5£ (3 8) (4 1) 

[0 14 2] 
14 1] 

W Q12 45 < I L1" I L2> /X 1 + (I RD1 ~ 1 RD2 } /X 1 

= W L12 + ^RDl -^02 > /Z 1 - < 4 D 
[0143] 

±5£ (4 1) ic«fc*i«, ^P(5«^I RD1 , I RD2 <D*frm&\z&V* ffiW Q12 

' W L12 ©*'-MS«#3frffc"**S- 

SiMW L12 £Jt8HBW Q12 (w Q12 -W L12 ) 

T 12 $:fflvNT, ns©^#s^ (42) -e*-r^i:««Brig-e**o 

[0144] 
14 2] 

I W Q12 - W L12 l< T 12 ( 42 ) 
[0 14 5] 

3(DfX^3 0!t ItHlOi:, 3>tfa-3t2 0i:5:^L, CMO 
S 5 0 1 ~ 5 0 N <D I DDQ M,m*ftZ) . 
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mfe&l Ott, CMO sMmm®5 0 1 ~50 N ©#lt«M«$fs I DDQ 
* h^itl^U $!5£iai Qi £=i>fc^-# 2 OlcflUfc-TS. 
[0 14 6] 

=i>h^-# 2 0&, M^ise, ta'ii^tt, A^sgs <t t>* s 

©«l|£&fTV\ «*^*tcai^V^TCMOSmfllia»5 Oj ~50 N 

o 

[0 14 7] 

d©iB«SS«tt, Ia B n ©CMOSit|gI?|©ISfflt, CMO S*«HIi?&5 0 
! ~50 N i 7?©#iJS'itiQ i S:Sa* , r«. IB'H^fiii, 

CMOSIW5 0 X ~50 N 0>«Hb««Sfcfc I DDQ ©M/SHyfC, &,S<Z)CM 
[0 14 8] 

#ac cMos^«iaB&©saf!i^feS:, ^.aM^^a^WJ^iifc^^ 
&&m%mT*i*, nmttm&cMo smmmm cdut) iz^^x<Dm±nm 

[0 14 9] 

. a^sess-ci*, sa©cMos^l««lIK^cov^T©»Ih*««s^<3!)^w 

mm I Li h, MJ^*f^(Z)CMO S|fe3HII»K^T©#lb*»*ffi©MJM I Qi 

©cmo s^atEBUi, #9At«®a!siffeT^?)jrifcAa©cMo sm«®tti: 

[0 15 0] 
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EllOii, 09 0)7-7,% 3 0 tCfcV^, =3 > fcTa. - # 2 0 ©#IJS £^t"*ftB&W 

5o N <DB±mmmffi<DWj£uiQ i tfn%tiT^z>&<D£.-tz> a 

[0151] 

1 T'tt, 388(13 41* CMO S^fefltHfK 5 Oj ~5 0 N <Dtf)\s-7 ( 

[0 15 2] 

I C t <D ^ * h jumm (D fg&^S £ ft O . 
[0153] 

^f'y^S3t'H ffi&ttac&ff ofe«31'atfi C3¥<D#ic, h;W«#*B 
I C h^-rs,, 

itmi CSIfiTS».5i:?!lJll, SMJfr&l C&#»g!!i c^^^-r. 

[0154] 

^(Z>J:e>&X7^y 1-S55:, MOTJ I Cf¥tf>«# 1 «£teOMtC& 
[0 15 5] 

Ell Hi, Ell owx^y^S 2 tc£VNT, ffi^«iac©«ta<Z)^ 1 ©mis©^ 
^fy^si ltlt ami C©#it*ag*»M>iR!f£tei Qxi ica^ 

tigii DQxi ( =I Qxi - I( i x ) stmic<Dm±mmmwi<DW7£mi 

Qyi tcS^v^TMHijjQyi (=i Qy i -iqy) ZW-ft-fz* 
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<BU Iqxtt, i^f I Qxi h;b*nT*¥^b£^±^lT*&U> I qy 

It. Wfemi Qyi b^nT^Lfe^ft^S. 
[0 15 6] 

^fy^S 1 2-eii, (I DQxi> I DQyi ) ©EnHHMfr&fTW &£flMRr 

A 2 ina«^(Z)M^s A tmn. 

&£flMRr A 2 tt, M*tf5£ (7) fefc^T, yj = I DQyi £U y A = I qy 

Mtsrt^T-ts. mmw.i&<DMps k it. M'bzfkm^zvnm'rzz.ii 

[0 15 7] 

Xf^S13lftt, L RA 2 <r A 2 fei:^ I S A - Iqy/Iqx | <L SA &^ 

teU L RA 2 it. ftMr A 2 ©TKitfty, L SA M£S A 
©ff««BH ICjJTO "T 5 ± PM T?» -5 . 
[0 15 8] 

Ell 0©^f7^S 2&CfcV^, fflfiltft2c©«LS©^ 2 ®^J6©^ 
ffil $:^-r«tl^^^ 7 D - * -V - h 5 . 

S 2 1 t . 1$ I C fflflhllf ^©1^11 1 Qxi tcSr5^ 

rmmmR Qxi = d Qxi -iq*) /a^Mu jmi c0>#it«»*«B© 

itilgyi lCg^TMM«R Qyi = (i Qyi -iqy) /a^ffflfS. 
[0 15 9] 

Xfv^S2 2"PH (R Qxi , R Qyi ) ©IBjRHHT&fTV^ 

r B 2 i:iaif»ii[»©«§s B tzn-m-tZa 

$k&&&r B 2 tt, M*.tf5£ (7) icfc^r, yj = R Qyi £: U y A itmm 

3 5 2001-307 8 007 
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[0 16 0] 

7*7- V 7 S 2 3 T*&, L RB 2 < r B 2 | S B - 1 I < L ggfciifc-f^li? 

[0161] 

iai3&, si o^x-r^s 2^^-?:, ffi^ac©^gi©ii 3 ©njfe©^ 
±mmmm(om^miQ i (DW-imi<i nmmmma Q (iq, a Q 

*^~?Wl1$mV2b^T. CMO smmm^<D ('Iq, a Q ) Ir^t^n^h^ 
• [0162] 

[0163] 

Ell 3ffl7n-ft- Mi, ^S'J I Cf^?)^OCMO S*«l@I{i& 
f -5 JCfiJM I" £ r £ £ 3 . 

(Iq, o Q ) ©«c^HS:^U, ^©MEIT^n h^^^-r^M^e>S¥ 
[0164] 
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±mmmffi<DWfemi Qi <z>*i%mi<i ^ii DQi t^iaju (iq, i DQi 

^tMBt^ot, CMO S%km\m®(D (Iq, I DQi ) &*t^n*;h^ 
[0 16 5] 

[0 16 6] 
& ffi ffi f * IC * rJM -t 2> Z. £. & T* # £ o 

. Mill «38jMII C^©tW^I Qi ©^<iIq £M^I DQi fcfc&ffiU ( 
Iq, I DQi ) ©ft^HSr^L, rcOfc^HT-yn^ h#£#*Sifti»fr fcflF 

[0 16 7] 

-So i^S^WJtSs^tt, 09 <D"r*# 3 0 ©n^tTa.-* 2 0 JC&V^ 
(DCMOS^«M(Z)MitI Li ^#^tlT^^^tC, ««J«3g^ (DUT) 

[0 16 8] 

^-r, 5 1 smmm&com a cm) # 

^^b;i/*it©MK Li = ( 1 Li — 1 ! ) yi x &$*tfju #»K Li &&ft© 

i Li ©iiM ( 1 Li — 1 j ) *¥-mmi x T?iE«fl;L&fliT?»s. 

[0 16 9] 

^y^S 5 2T?l*,' (DUT) ©#lh«aR««S©?H9^ft I Qi *^ 
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, Umi m =I Qi -Iq 
[0 17 0] 

^f7^s5 3T?tt, (K Ni , i DQi ) <Dmm#ffizfi\<\ mmmmr c 2 t 
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xf<y^Sl0 2t'it (i! , l DLi ) ©ftoftfEI&ftoSU ZfUvhrfMtp 
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£U ! &2 001-3078007 



#2 000 — 302780 



[016] 

c m o s Mmmm<D& z gwfemom 2 (Dmmvmm z b u t v^ & „ 

[017] 
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